Abstract: The paper reports the frequencies of the different modes of vibrations of the tymbal in cicada theoretically. The two-dimensional wave equation in elliptical coordinates is set up. Since the tymbal is elliptical the solution of the modified Mathieu's equation is considered. In order to obtain the different frequencies the pulsatance equation is used. The study suggests that elliptic membrane produces vibration of frequencies amfor m = 1,2,3,.. ........... The theoretical frequencies are in agreement with those determined experimentally by taking sonograms of the sound produced by cicada.
-INTRODUCTION
The songs of cicadas are produced by a specialized acoustic apparatus and these songs are used for specific communication /I/. The acoustic apparatus in cicada is called tymbal. This is a stretched elastic membrane which when vibrates produces sound. This tymbal is supported by a thick circular rim and a series of ribs on each dorsolateral region of the first abdominal segment. In the interior of the tymbal there is a fibriller muscle and due to contraction of this muscle-the tymbal vibrates. In addition to this there is the tensor muscle which increases the curvature of the tymbal. Idhen the tensor muscle contracts. it causes an inward buckling of the tymbal producing a click. Upon relaxation of this muscle the tymbal returns to its original position and thus produces a second click. The frequency of the double click sound is determined by the natural frequency of the tymbal whereas the natural frequency of the tymbal depends upon the tension in the membrane /2,3/.
Each cicada has two tymbals. These tymbals work synchronously due to simultaneous nervous stimulation of the muscle. In addition to tymbals. there are air sacs. The presence of air sacs allow the tymbal to vibrate with minimum damping.
-THEORETICAL CONSIDERATION
Since the boundary of the tymbal is elliptical, we transform the two dimensional wave equation into elliptical coordinates. Consider the two dimensional wave equation. 
Here K t is a constant depending upon the properties of the medium and the pulsatance of the disturbance in it. Transforminq (3) into elliptical coordinates we get solving equation (4) by the method of separation of variables, we get where 'a' is a separation constant. Equations (6) and (5) When q has its appropriate value. the dynamic deformation surface of the membrane and the pulsatance differe for each m. The maximum displacement of the surface for a particular mode is governed by the configuration of and the normal velocity distribution over the membrane at t = 0. Here it is considered to be pulled from the centre into a conoidal shape and released at t = 0.
The boundary condition for all rf is that 3 = 0 at the clamping rings where ' 5 =f, . Thus we have the pulsatance equations By fixing 5 , , we find the positive value of q from (8) and (9). These are the parametric zeros of the functions Ce (E,,, q) and S% (q,, q). The frequencies of the modes of vibration are obtained as 8 1 1 0~s :
Let lab' the semi-major and semi-minor axes of the ellipse. The eccentricity e = . The first step is to calculate qm, the lowest parametric zero for which (8) a and (9) hold. Since ~o s h 5 , = l/e, 5, is obtained from the tables of hyperbolic functions. Now consider the pulsatance equation (8) 
